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Abstract 

Background: Dried blood spots (DBS) from fingertip prick blood can enable high throughput fatty acid profiling 
but may be prone to lipid peroxidation during storage. The use of butylated hydroxytoluene (BHD on 
chromatography paper can prevent polyunsaturated fatty acid (PUFA) loss but examinations on the length of 
storage times possible are not comprehensive. 

Method: In the first study, venous whole blood was saturated on paper strips pre-soaked with 0, 2.5 or 5.0 mg/mL 
BHT and exposed to air for up to 28 days. In a second study, the effect of sealing DBS on 5.0 mg/mL BHT-soaked 
chromatography strips in capped test tubes or vacuum sealed polypropylene bags with and without nitrogen 
purging was examined over eight weeks. The fatty acid composition of the DBS were determined by gas 
chromatography and the effect of sample storage on omega-3 biomarkers were examined. 

Results: PUFA and omega-3 biomarkers in DBS stored without BHT were dramatically reduced by day 3. In general, 
BHT delayed decreases in eicosapentaenoic + docosahexaenoic acid from baseline (3.2 ±0.2 wt%) to 28 days (2.6 ± 
0.03 wt%) of storage. In the % n-3 highly unsaturated fatty acids (HUFA) in total HUFA biomarker, BHT was more 
effective at preventing changes, particularly with 5.0 mg/mL BHT where no differences were detected up to 
28 days. Sealed storage with BHT tended to increase the stability of the PUFA in DBS and nitrogen purging did not 
appear to provide additional benefits. The % n-3 HUFA in total HUFA biomarker also appeared to be more stable in 
the sealed storage study. 

Conclusions: The storage of DBS in sealed containers with BHT may prevent PUFA degradation for up to 8 weeks. 
The % n-3 HUFA in total HUFA biomarker appears to provide a more consistent assessment of omega-3 status 
throughout storage as compared with other omega-3 blood biomarkers. 
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Background 

Dried blood spots (DBS) from fingertip prick blood does 
not require a trained phlebotmist and can enable high- 
throughput screening of blood omega-3 biomarker sta- 
tus when combined with direct transesterification and 
fast gas chromatography. Omega-3 blood biomarkers are 
associated with chronic disease [1-3] and may be useful 
for health promotion, disease detection and disease 
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prevention strategies in human populations. Previously, 
DBS analysis has been validated for the determination of 
fatty acid composition in whole blood [4-7], and has 
been used to assess fatty acid profiles from elderly 
individuals [8], young Canadian adults [9], Italian and 
Tibetan adults [10], and mothers and their newborns 
[11,12]. Omega-3 blood biomarkers such as the sum of 
the percentage of eicosapentaenoic acid (EPA, 20:5n-3) 
and docosahexaenoic acid (DHA, 22:6 n-3) (% EPA + 
DHA)[1] in erythrocytes and the percentage of omega-3 
highly unsaturated fatty acids (HUFA, >20 carbons, >3 
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carbon-carbon double bonds) in total HUFA (% n-3 
HUFA in total HUFA) [3] utilize qualitative fatty acid 
values in their calculations, and as such DBS analysis 
remains suitable as blood volumes are often unknown. 
However, peroxidation of polyunsaturated fatty acids 
(PUFA) in blood stored on chromatography paper can 
limit the utility of high-throughput DBS sampling. 

Previously, decreases in the PUFA content of 
erythrocytes are prevented for up to 4 weeks when 
stored at -20°C [13,14], and for up to 2 years at -80°C 
[15] in the absence of an antioxidant. However, access to 
-80°C storage is often limited outside of research 
institutions. In 1979, it was demonstrated that butylated 
hydroxytoluene (BHT) improves PUFA recovery in the 
fatty acid analysis of lipids [16], and it is typically 
included in routine fatty acid analyses [17]. The addition 
of BHT to erythrocytes for storage extends PUFA stabil- 
ity from 4 to 17 weeks [13]. Previously, PUFA in DBS 
with BHT treatment were shown to be stable for be- 
tween 3 weeks [6] and 3 months [18] at 4°C, and for less 
than 2 months [18] at room temperature [18]. The aim 
of the present study is to assess the validity of using 
different levels of BHT added to chromatography paper 
to prevent PUFA degradation in DBS samples stored 
openly at room temperature for one month. In addition, 
the effect of storing DBS samples with BHT in vacuum 
sealed polypropylene bags and in capped test tubes with 
and without nitrogen purging for up to 8 weeks at room 
temperature on PUFA degradation was examined. This 
single individual study will provide a basis for the assess- 
ment of these storage methods in more extensive storage 
stability protocols that utilize larger sample sizes. 

Methods 

Study design 

All procedures and protocols received prior approval 
from the Human Research Ethics Committee of the Uni- 
versity of Waterloo. In study one, chromatography paper 
was soaked in three separate concentrations of 2,6-di- 
ter£-butyl-4-methylphenol (butylated hydroxytoluene, 
BHT, Sigma-Aldrich, St. Louis, MO, USA) in methanol. 
Concentrations of BHT in methanol included 0 mg/mL 
(control), 2.5 mg/mL and 5 mg/mL [6]. The BHT/ 
methanol mixture was allowed to travel to the top of 
one sheet of chromatography paper (Whatman Ltd., 
Sanford, ME, USA) in a thin layer chromatography tank 
before the paper was removed and air dried. The fatty 
acid compositions of DBS from each BHT condition 
were immediately analyzed in triplicate by gas chroma- 
tography at time 0. The remaining samples were stored 
in open test tubes and analyzed in triplicate after 1, 3, 7, 
14, 21 and 28 days to track changes in fatty acid com- 
position due to PUFA degradation. 



In study two, all strips of chromatography paper were 
treated with BHT in methanol at a concentration of 
5.0 mg/mL. At time 0, DBS were collected in triplicate 
and immediately transesterified for gas chromatography 
determination of fatty acid composition. This time 0 de- 
termination served as baseline for all four storage 
conditions, as the sample collection procedures were 
similar across storage conditions. The remaining samples 
were randomly assigned to be stored in; a closed screw 
cap test tube, a closed screw cap test tube following nitro- 
gen purging, a vacuum sealed polypropylene bag sealed 
with a commercially available vacuum sealer (Foodsaver 
V2840; Sunbeam, Mississauga, ON), or a vacuum sealed 
polypropylene bag after nitrogen purging. The fatty acid 
composition of three samples from each storage condition 
were determined weekly for eight weeks. 

Blood collection 

Blood was obtained by venipuncture from a single 
fasting male on two occasions corresponding to study 
one and study two. Venous blood was collected from the 
antecubital vein into 10 mL evacuated tubes (Vacutainer; 
Becton Dickinson, Franklin Lakes, NJ) by a trained tech- 
nician and ethylene diaminetetraacetic acid (EDTA) was 
added to prevent coagulation. Blood was absorbed onto 
the thin strips (1 cm x 3 cm) of chromatography paper 
such that an area of approximately 1 cm 2 was saturated 
using a pasteur pipette. 

Fatty acid analysis 

Fatty acid composition of each DBS was determined 
using a method previously described [4]. Fatty acid me- 
thyl esters were prepared from DBS by direct 
transesterification in 14% boron trifluoride in methanol 
(Pierce Chemicals, Rockford, IL, USA) with hexane 
using a convectional block heater set at 95°C for 60 
minutes. The organic layer containing the fatty acid me- 
thyl esters was collected for analysis on a Varian 3900 
gas chromatograph (Varian Inc., Mississauga, ON) as 
previously described [19]. The gas chromatograph was 
equipped with a DB-FFAP 15 m x 0.10 mm i.d. x 
0.10 \im film thickness, nitroterephthalic acid modified, 
polyethylene glycol, capillary column (J&W Scientific 
from Agilent Technologies, Mississauga, ON) with 
hydrogen as the carrier gas. Samples (2 \iL) were 
introduced by a Varian CP- 8400 autosampler into the in- 
jector heated to 250°C with a split ratio of 200:1. The 
initial temperature was 150°C with a 0.25 min hold 
followed by a 35°C/min ramp to 200°C, an 8°C/min ramp 
to 225°C with a 3.2 min hold and then an 80°C/min ramp 
up to 245°C with a 15 min hold at the end. The flame 
ionization detector temperature was 300°C with air and 
nitrogen make-up gas flow rates of 300 mL/min and 
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25 mL/min, respectively, and a sampling frequency of 
50 Hz. 

Fatty acid compositions of all samples are expressed as 
percent weight of individual fatty acids in total fatty 
acids. The sum of EPA and DHA (EPA + DHA) and 
EPA, DHA and n-3 docosapentaenoic acid (DPAn-3) 
(EPA + DHA + DPA n-3), the percentage of n-3 HUFA 
in total HUFA, and the ratio of total omega-3 fatty acids 
to omega-6 fatty acids (n-3/n-6) were calculated to illus- 
trate changes in the omega-3 status in the samples and 
the differential rates of degradation in the fatty acid 
subclasses. 

Statistical analysis 

Qualitative values for individual fatty acids and fatty acid 
groups are expressed as mean ± SD. All statistical ana- 
lyses were performed with the SPSS System (SPSS Inc., 
Chicago, IL). Various fatty acids and fatty acid groups 
were examined by one-way ANOVA with individual 
means compared following a significant F-value by 
Tukeys Honestly Significant Different (HSD) post hoc 
procedure. Significance was inferred at p < 0.05. 

Results 

The effect of different levels of BHT during open air 
storage at room temperature on fatty acid composition 

Total PUFA percentages decreased by 49% without BHT, 
15% with 2.5 mg/mL BHT and 6% with 5.0 mg/mL BHT 
(Table 1). In the HUFA subclass, decreases were 62% 
without BHT, 34% with 2.5 mg/mL BHT, and 13% with 
5.0 mg/mL BHT. These results indicate increasing BHT 
concentrations provided may reduce the degradation of 
PUFA and HUFA of DBS. The 5.0 mg/mL BHT condi- 
tion also appears to protect levels of arachidonic acid 
(ARA), EPA and DHA in DBS. In contrast, saturated fatty 
acid (SFA) percentages increased by 30% during storage 
without BHT and by 10% with 2.5 mg/mL BHT. Monoun- 
saturated fatty acid (MUFA) percentages increased by 
24% during storage without BHT and by 9% with 
2.5 mg/mL BHT. There was no change in SFA and 
MUFA percentages with 5.0 mg/mL BHT by day 28 of 
storage. 

Without BHT, blood biomarkers of omega-3 fatty acid 
status (% n-3 HUFA in total HUFA, EPA + DHA, n-6/n-3 
ratio and EPA + DHA + DPAn-3) changed significantly 
(p<0.05) after only 3 days of storage (Figure 1). EPA + 
DHA and EPA + DHA + DPAn-3 levels decreased from 
baseline (2.84 ± 0.17 and 3.80 ± 0.21, respectively) to day 3 
(1.15 ± 0.03 and 1.73 ± 0.14) and remained decreased until 
day 28 (0.94 ± 0.05 and 1.31 ± 0.12). Conversely, the 
immediate decrease in the % n-3 HUFA in total 
HUFA from baseline (27.0 ± 0.6) to day 3 (22.9 ± 1.6) 
returned to levels not different (p > 0.05) from base- 
line at day 28 (24.4 ±2.5). The n-6/n-3 ratio increased 



from baseline (8.2 ± 0.4) up to day 14 of storage (14.2 ± 1.5) 
but started to decrease to day 28 (12.5 ± 1.8), although not 
significantly (p > 0.05). 

Storing DBS in the presence of BHT delayed and in 
certain biomarkers prevented the changes in omega-3 
status that are observed when DBS are stored without 
BHT. With 2.5 mg/mL BHT, baseline % n-3 HUFA in 
total HUFA (25.7 ± 0.5) was maintained for up to 21 days 
(25.8 ± 0.9). With 5.0 mg/mL BHT, the % n-3 HUFA in 
total HUFA did not change from baseline during 28 days. 
A similar pattern was observed in the ratio of n-6/n-3, 
but the change from baseline (8.17 ± 0.24) to day 28 
(11.4 ±0.3) was more dramatic in the 2.5 mg/mL BHT 
condition. There was also a gradual and significant in- 
crease in the n-6/n-3 ratio with 5.0 mg/mL BHT. Con- 
versely, EPA + DHA and EPA + DHA + DPAn-3 
percentages in the DBS samples were decreased signifi- 
cantly after only 14 days with 2.5 mg/mL BHT and 21 days 
with 5.0 mg/mL BHT. 

Fatty acid composition and omega-3 biomarkers during 
sealed storage 

DBS samples stored with 5.0 mg/mL BHT under sealed 
conditions were examined for up to 8 wks (Table 2). In 
general, there was a tendency for decreases in the 
percentages of n-3 PUFA and increases in the percent- 
age of MUFA. These differences were significant in both 
the vacuum sealed propylene bag conditions and the ni- 
trogen purged sealed test, but surprisingly not in the 
sealed test tube without nitrogen purging. Changes in 
the % n-3 HUFA in total HUFA of only 0.4 - 2.8% for 
all sealed storage conditions throughout the entire study 
were not significant (p > 0.05) (Figure 2). The ratio of n- 
6/n-3, and the sums of the percentage of EPA + DHA 
and EPA + DPAn-3 + DHA demonstrated considerable 
variation across the weekly measures with significant 
differences in at least one of the storage conditions. 

Discussion 

Results of the current study indicate that BHT can pro- 
vide substantial protection against PUFA degradation in 
a DBS sample. Total HUFA composition in DBS remains 
stable in the presence of BHT for up to 21 days in open 
air although significantly lower levels are observed after 
3 and 14 days of storage. Storage stability can be 
extended to at least 8 weeks when stored and capped in 
a test tube. These results are not in agreement with a 
previous study demonstrating that DBS samples 
wrapped and sealed in foil were unstable during a 2 
month storage period [18]. However, the specific BHT 
concentration used in this previous study is not 
reported, and as such 5.0 mg/mL of BHT in the present 
study may explain the improved stability. In addition, 
our samples were stored in test tubes or vacuum packed 
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Table 1 Weight % of fatty acids in dried blood spots at varying BHT concentrations over 28 days 



Name 


Od 


1 d 


3d 


7d 


14d 


21 d 


28 d 


0 mg/mL BHT 


SFAs 


42.1 ±0.9 a 


40.2 ± 0.5 a 


49.2 ± 0.6 b 


54.1 ±1.7 C 


56.0 ± 0.3 C 


54.3 ± 0.5 C 


54.9 ± 0.9 C 


MUFAs 


18.0±0.4 a 


18.7±0.2 a 


22.3 ± 0.3 C 


21.3 ± 0.8 bc 


20.8±0.3 b 


21.8±0.4 bc 


22.3 ± 0.7 C 


N-6 FAs 


34.0 ± 0.6 a 


35.4 + 0.1 b 


23.9±0.3 C 


20.1 ±0.5 d 


1 8.3 ± 0.1 e 


19.0±0.3 de 


1 8.2 ± 0.6 e 


N-3 FAs 


4.17±0.24 a 


4.14±0.03 a 


1.98±0.11 b 


1 .45 ± 0.08 c 


1.30 ± 0.1 3 C 


1 .63 ± 0.20 bc 


1.47 ± 0.1 5 C 


ARA 


8.07 ± 0.1 4 a 


8.10 ± 0.1 7 a 


4.25 ± 0.07 b 


3.20 ± 0.1 4 C 


2.85 ± 0.07 c 


3.17±0.10 c 


2.92 ± 0.22 c 


EPA 


0.65±0.10 a 


0.64 ± 0.04 a 


0.29 ± 0.02 b 


0.26 ± 0.03 b 


0.25 ± 0.05 b 


0.25 ± 0.02 b 


0.17±0.02 b 


DHA 


2.19±0.09 a 


2.18 ± 0.03 a 


0.85 ± 0.05 b 


0.63 ± 0.04 cd 


0.55 ± 0.02 d 


0.73 ± 0.02 cd 


0.77 ± 0.06 cd 


PUFAs 


38.1 ±0.8 a 


39.5 ± 0.1 b 


25.9±0.3 C 


21.5 ± 0.5 d 


19.6±0.1 e 


20.6 ± 0.5 de 


19.6±0.4 e 


HUFAs 


14.1 ±0.5 a 


14.1 ±0.2 a 


7.59 ± 0.1 0 b 


5.60±0.24 cd 


5.02±0.22 d 


5.80 ± 0.08 c 


5.40 ± 0.1 9 cd 


2.5 mg/mL BHT 


SFAs 


37.1 ±0.5 a 


37.1 ±0.3 a 


37.6±0.5 ab 


36.2 ± 0.7 a 


39.2 ± 0.2 C 


39.0 ± 0.8 bc 


40.9 ± 0.7 d 


MUFAs 


19.0±0.2 ab 


1 8.7 ± 0.4 a 


19.1 ±0.4 ab 


1 9.8 ± 0.4 C 


19.6±0.1 bc 


20.2 ± 0.2 cd 


20.7 ± 0.1 d 


N-6 FAs 


36.7 ± 0.3 a 


36.0 ± 0.3 a 


35.9±0.1 a 


36.3 ± 0.4 a 


34.9±0.5 b 


34.8 ± 0.4 b 


32.3 ± 0.3 C 


N-3 FAs 


4.43±0.10 a 


4.32 ± 0.1 1 ab 


4.15±0.17 abc 


4.35 ± 0.1 2 ab 


3.96 ± 0.07 bc 


3.79 ± 0.25 c 


2.84±0.06 d 


ARA 


9.12±0.07 a 


8.43 ± 0.24 b 


8.28 ± 0.08 b 


8.40 ± 0.1 2 b 


8.08 ± 0.07 b 


7.56 ± 0.22 c 


5.98 ±0.1 3 d 


EPA 


0.71 ±0.08 a 


0.73 ± 0.06 a 


0.68 ± 0.06 a 


0.66 ± 0.03 ab 


0.62 ± 0.02 ab 


0.63 ± 0.07 ab 


0.52 ± 0.01 b 


DHA 


2.40 ± 0.1 9 a 


2.25 ± 0.1 0 ab 


2.17±0.06 ab 


2.35 ± 0.06 a 


2.16 ± 0.05 ab 


1 .95 ± 0.20 b 


1 .42 ± 0.05 c 


PUFAs 


41.1 ±0.2 a 


40.3 ± 0.3 ab 


40.0 ± 0.3 b 


40.6 ± 0.4 ab 


38.9 ± 0.5 C 


38.6 ± 0.6 C 


35.1 ±0.2 d 


HUFAs 


15.7±0.1 a 


14.8±0.2 bc 


14.4±0.2 bc 


14.9±0.2 b 


14.2 ± 0.1 c 


13.4±0.5 d 


10.4±0.2 e 


5 mg/mL BHT 


SFAs 


36.6 ± 0.2 


36.9 ± 0.4 


37.6 ±0.8 


36.0 ± 0.4 


37.9 ±2.6 


38.5 ± 0.9 


39.0 ±0.7 


MUFAs 


1 8.6 ± 0.2 a 


19.0 ± 0.1 a 


1 9.2 ± 0.2 ab 


19.5 ± 0.3 ab 


21.6±2.4 b 


20.1 ±0.6 ab 


20.4 ± 0.1 ab 


N-6 FAs 


36.0±0.5 ab 


36.7 ± 0.1 a 


35.7±0.4 abc 


36.0 ± 0.5 ab 


34.2 ± 0.3 C 


34.8 ± 1.1 bc 


34.2 ± 0.2 C 


N-3 FAs 


4.59 ± 0.28 a 


4.23 ± 0.07 ab 


4.07 ± 0.02 bc 


4.32 ± 0.08 ab 


3.73 ± 0.26 c 


4.16±0.15 abc 


3.75 ± 0.1 3 C 


ARA 


8.68 ± 0.1 5 a 


8.54 ± 0.1 9 a 


8.21 ±0.11 ab 


8.53 ± 0.20 a 


7.60±0.45 b 


8.35 ± 0.1 2 a 


7.72 ± 0.09 ab 


EPA 


0.82 ± 0.08 a 


0.71 ±0.03 ab 


0.62 ± 0.01 b 


0.66 ± 0.04 b 


0.60 ± 0.01 b 


0.62 ± 0.02 b 


0.61 ±0.04 b 


DHA 


2.41 ±0.15 a 


2.28 ± 0.02 a 


2.16±0.03 ab 


2.35 ± 0.03 a 


1.98±0.19 b 


2.25 ± 0.1 1 ab 


1 .96 ± 0.06 b 


PUFAs 


40.6 ± 0.3 a 


41.0±0.2 a 


39.7 ± 0.4 ab 


40.4±0.6 ab 


37.9 ± 0.6 C 


39.0 ± 1 .0 bc 


38.0 ± 0.2 C 


HUFAs 


15.5 + 0.2 3 


14.8±0.3 ab 


1 4.3 ± 0.2 bc 


15.0±0.3 ab 


13.2±0.7 d 


14.8±0.3 ab 


13.5 ± 0.1 cd 



Values are means ± SD, n = 3. BHT, butylated hydroxytoluene; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; FA, fatty acid; n-6, omega-6; n-3, 
omega-3; ARA, arachidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; PUFA, polyunsaturated fatty acid; HUFA, highly unsaturated fatty acid. 
Values with different superscript letters within a row are significantly different by Tukey's HSD post hoc procedure (P < 0.05) after a significant F-value by one-way 
ANOVA (P < 0.05). 



polypropylene bags that may provide a more protective 
seal than foil wrapping. 

BHT mediated protection of PUFA is most likely due 
to free radical scavenging by BHT. The phenol group in 
BHT is thought to donate a proton to free radicals, thus 
neutralizing the free radicals and preventing them from 
accepting hydrogen protons from the methylene groups 
in PUFA and thereby preventing degradation [20]. The 
results of the present study support BHT protection 
against PUFA loss as increasing concentrations of BHT 
on the chromatography paper demonstrates increased 
ability to prevent PUFA degradation. Additionally, stor- 
ing DBS in sealable containers further prevents PUFA 
loss regardless of storage under an inert gas such as 
nitrogen. 



During open air storage without BHT, omega-3 blood 
biomarkers responded differently that appear to be 
dependent on how each biomarker is calculated 
(Figure 1). Decreases in individual fatty acids from base- 
line were 23% for 18:2n-6 (data not shown), 33% for 
18:3n-3 (data not shown), 47% for ARA, 55% for EPA 
and 61% for DHA (Table 1) that is in agreement with 
known kinetic rates of degradation. Omega-3 PUFA have 
a greater susceptibility for degradation as compared with 
omega-6 PUFA, as omega-3 PUFA generally contain 
more double bonds for a given chain length. The kinetic 
rates of degradation are 1.4 JVT 1 s" 1 for 18:ln-9, 62 
M" 1 s" 1 for 18:2n-6, 115 M" 1 s" 1 for 18:3n-3, 197 M" 1 s" 1 
for ARA, 249 M" 1 s" 1 for EPA, and 334 JVT 1 s" 1 for DHA 
[21,22]. 
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■ Od 

□ 1 d 

□ 3d 

□ 7d 

■ 14d 

■ 21 d 

■ 28d 



BHT Concentration (mg/mL) 

Figure 1 Omega-3 blood biomarkers in dried blood spot samples 
stored with 0, 2.5 or 5 mg/mL BHT over 28 days at room 
temperature. BHT, butylated hydroxytoluene; HUFA, highly unsaturated 
fatty acid; PUFA, polyunsaturated fatty acid; EPA, eicosapentaenoic acid; 
DHA, docosahexaenoic acid; DPAn-3, omega-3 docosapentaenoic acid; 
n-3, omega-3; n-6, omega-6. Bars represent means with error bars 
representing the S.D., n = 3. Bars with different letters within BHT 
condition are significantly different by Tukey's HSD post hoc procedure 
(P < 0.05) after a significant F-value by one-way ANOVA (P < 0.05). 



The significant drop in the % n-3 HUFA in total 
HUFA in DBS after 1 and 3 days in open air without 
BHT, with a subsequent return to baseline levels begin- 
ning at 7 days of storage is intriguing. This may reflect a 
higher degradation rate of susceptible omega-3 HUFA, 
with degradation of susceptible n-6 HUFA eventually 
"catching up" and resulting in a slight and subtle re- 
bound of the % n-3 HUFA in total HUFA. In contrast, 
the sum of the % of EPA + DHA decreased rapidly and 
did not return under the same conditions. The % of 
EPA + DHA is calculated relative to the entire fatty acid 
pool including large amounts of fatty acids with rela- 
tively low degradation rates including palmitic acid 
(16:0), oleic acid (18:ln-9) and 18:2n-6. 

Changes in the n-6/n-3 ratio support the hypothesis of 
differing degradation rates between omega-3 and 
omega-6 PUFA. The n-6/n-3 ratio demonstrates an in- 
verse pattern as compared with the % n-3 HUFA in total 
HUFA with a rapid increase followed by a slight de- 
crease as time passes. The n-6 PUFA with a slower deg- 
radation rate is in the numerator while the more rapidly 
degrading omega-3 PUFA is in the denominator. The 
differences in the n-6/n-3 ratio and % n-3 HUFA in total 
HUFA are likely due to the inclusion of 18:2n-6 in the 
n-6/n-3 ratio. The degradation rate of 18:2n-6 is much 
slower in comparison with 18:3n-3 and HUFA, and the 
amount of 18:2n-6 in whole blood is high (23.2 ± 0.4% of 
total fatty acids) as compared with the other PUFA 
(38.1 ± 0.8% of total fatty acids) based on baseline values. 
Although fatty acid peroxidation may still be occurring, 
the utilization of the % n-3 HUFA in total HUFA blood 
biomarker may provide a more useful and robust meas- 
ure of omega-3 status during storage that can mask the 
effects of HUFA peroxidation and still provide an accur- 
ate omega-3 assessment. Our results suggest this may 
not be the case with the other omega-3 biomarkers 
assessed. 

In the present study, purging with nitrogen did not 
provide additional protection against PUFA degradation 
during the 8-week storage period. It is unclear whether 
nitrogen purging would have provided additional 
benefits during a longer storage period. Previously, PUFA 
composition in O. cincta (springtail hexapod) has been 
maintained when saponification and transesterification 
was performed in nitrogen-filled headspace air [23]. In 
addition, direct gassing of a dairy beverage enriched with 
2% flaxseed oil with nitrogen protected against PUFA deg- 
radation [24], and nitrogen has also been used to slow 
oxidative degradation of perishable food products [25]. In 
blood, nitrogen prevents fatty acid degradation in 
phospholipids for at least four weeks in plasma and less 
than four weeks in erythrocytes during storage at -20°C 
[14], and in erythrocytes for at least two years when stored 
at -80°C [15]. Changes in HUFA composition during 
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Table 2 Weight % of fatty acids in dried blood spots after BHT treatment and storage by test tube or vacuum sealing 





Week 0* 


Week 1 


Week 2 


Week 3 


Week 4 


Week 5 


Week 6 


Week 7 


Week 8 


Test tube sealed 


SFAs 


37.2 


±0.5 


37.6 ±1.1 


38.1 ±1.4 


39.1 ±0.9 


36.4 ± 1 .2 


39.8 ±5.2 


37.3 ± 0.7 


36.7 ± 0.2 


41.2 ±2.3 


MUFAs 


24.6 


±0.3 


25.5 ± 0.5 


25.2 ± 0.7 


24.1 ±0.2 


25.1 ±0.8 


24.7 ±2.1 


25.6 ±0.8 


25.7 ±0.3 


23.9 ±1.3 


N-6 FAs 


29.2 


±0.2 


29.7 ± 0.4 


29.0 ± 0.4 


28.3 ± 0.7 


29.3 ± 1 .4 


29.3 ± 2.8 


30.2 ± 0.6 


29.8 ± 0.6 


28.2 ± 1 .7 


N-3 FAs 


5.11 : 


t0.12 


5.1 5 ±0.23 


5.36 ±0.33 


4.61 ±0.33 


5.04 ±0.47 


4.86 ± 0.43 


4.88 ± 0.32 


4.92 ± 0.39 


4.60 ± 0.39 


ARA 


6.45: 


t0.04 


6.08 ±0.21 


6.1 2 ±0.50 


6.38 ± 0.46 


6.97 ±0.71 


6.87 ± 0.25 


6.83 ± 0.54 


6.88 ± 0.57 


6.51 ±0.69 


EPA 


0.86: 


t0.06 


0.85 ± 0.05 


0.80 ± 0.06 


0.86 ± 0.05 


0.85 ±0.11 


0.85 ±0.14 


0.86 ± 0.04 


0.87 ± 0.06 


0.81 ±0.07 


DHA 


1.64: 


t0.04 


1 .48 ± 0.07 


1.55 ±0.18 


1.69 ±0.11 


1 .93 ± 0.23 


1 .78 ± 0.05 


1 .79 ± 0.22 


1.80 ±0.21 


1.66 ±0.1 8 


PUFAs 


34.3 


±0.1 


34.8 ± 0.6 


34.3 ± 0.7 


32.9 ± 1 .0 


34.4 ± 1 .9 


34.2 ± 3.2 


35.1 ±0.6 


34.7 ± 1 .0 


32.8 ±2.0 


HUFAs 


11.6 


±0.2 


11.1 ±0.4 


11.1 ±0.9 


1 1 .7 ± 0.8 


1 2.9 ± 1 .3 


12.5 ±0.5 


12.5 ± 1.0 


12.6± 1.0 


1 1 .9 ± 1 .2 



Test tube sealed under nitrogen 



SFAs 


37.2 ± 0.5 


37.3 ±1.4 


35.4 ±0.3 


37.7: 


±1.1 


36.0 ± 0.2 


36.3 ±1.1 


35.4 ±0.4 


37.1 ±0.8 


36.3 ± 1 .4 


MUFAs 


24.6 ± 0.3 a 


25.3 ± 0.5 ab 


26.3 ± 0.4 bcd 


26.0 ± 0.2 bcd 


26.5±0.2 bcd 


25.8 ± 


. i 2 abc 


26.7±0.2 bcd 


26.9 ± 0.7 cd 


27.4 ± 0.5 d 


N-6 FAs 


29.2 ± 0.2 ab 


29.7 ± 0.6 abc 


29.9±0.5 abc 


28.7: 


b0.5 a 


30.5 ± 0.4 abc 


30.6 d 


: 0.7 bc 


31.1 ±0.4 C 


29.7 ± 0.6 abc 


29.4±1.2 abc 


N-3 FAs 


5.11 ±0.12 ab 


5.29±0.04 a 


5.44 ± 0.1 1 a 


4.27 ± 


0.09 d 


4.61 ±0.14 cd 


5.10 + 


0.30 ab 


4.82 ± 0.1 8 bc 


4.37 ± 0.1 2 d 


4.41 ±0.18 cd 


ARA 


6.45 ± 0.04 abc 


6.25 ± 0.08 ab 


6.13 ± 0.28 ab 


5.96 ± 


:0.15 a 


6.37 ± 0.1 6 ab 


7.04d 


: 0.49 c 


6.68 ± 0.1 9 bc 


6.07 ± 0.1 6 ab 


6.28 ± 0.21 ab 


EPA 


0.86 ± 0.06 abc 


0.81 ±0.02 abc 


0.80 ± 0.06 abc 


0.76 ± 


: 0.04 a 


0.84 ± 0.05 abc 


0.91 zt 


:0.01 C 


0.89 ± 0.04 bc 


0.78 ± 0.03 a 


0.78 ± 0.05 ab 


DHA 


1 .64 ± 0.04 ab 


1 .60 ± 0.04 a 


1.52 ± 0.1 3 a 


1.47 ± 


: 0.05 3 


1 .56 ± 0.04 a 


1.86± 


:0.22 b 


1 .66 ± 0.08 ab 


1 .46 ± 0.05 a 


1.51 ±0.05 a 


PUFAs 


34.3 ± 0.1 abc 


35.0±0.6 abc 


35.3±0.6 bc 


33.0: 


t0.6 a 


35.1 ±0.5 bc 


35.7 d 


= 0.4 bc 


35.9±0.6 C 


34.1 ±0.7 abc 


33.8 ± 1 .4 ab 


HUFAs 


1 1 .6 ± 0.2 ab 


11.2±0.1 ab 


1 1.2 ± 0.4 ab 


10.6: 


b0.3 a 


1 1.5 ± 0.3 ab 


12.9: 


±1.0 C 


12.1 ±0.4 bc 


11.0±0.3 ab 


1 1.3 zt 0.4 ab 



Vacuum sealed 



SFAs 


37.2 ±0.5 


36.5 ± 0.3 


37.6 ±1.1 


37.5 ±1.7 


36.7 ± 0.5 


35.3 ±0.6 


35.6 ±0.5 


36.7 ± 0.9 


36.9 ± 2.2 


MUFAs 


24.6 ± 0.3 a 


26.3 ± 0.1 b 


26.7±0.5 b 


26.0 ± 0.4 ab 


26.7 ± 1 .0 bc 


27.8 ± 0.2 C 


28.1 ±0.6 C 


27.8 ± 0.6 C 


28.0 ± 0.5 C 


N-6 FAs 


29.2 ± 0.2 


29.6 ± 0.4 


28.6 ± 1 .2 


28.7 ± 0.6 


28.2 ± 1 .7 


30.0 ±0.1 


29.1 ±0.7 


29.1 ±0.6 


28.5 ± 1 .7 


N-3 FAs 


5.11 ±0.12 a 


5.30 ± 0.1 6 a 


5.17±0.07 a 


4.54 ± 0.1 9 b 


4.30 ± 0.20 b 


4.59 ± 0.07 b 


4.38 ± 0.20 b 


4.29 ± 0.06 b 


4.18±0.32 b 


ARA 


6.45 ± 0.04 a 


6.23 ± 0.1 6 ab 


5.49±0.57 b 


6.15 + 0.19 ab 


5.84±0.29 ab 


6.28 ± 0.07 ab 


6.04±0.20 ab 


6.00 ± 0.08 ab 


5.87 ± 0.40 ab 


EPA 


0.86 ± 0.06 a 


0.78 ± 0.02 ab 


0.77 ± 0.05 ab 


0.80 ± 0.04 ab 


0.76 ± 0.06 ab 


0.81 ±0.02 ab 


0.76 ± 0.04 ab 


0.73 ± 0.01 b 


0.72 ± 0.06 b 


DHA 


1 .64 ± 0.04 a 


1 .58 ± 0.05 abc 


1 .36 + 0.14 c 


1.60±0.08 ab 


1 .46 ± 0.08 abc 


1 .58 ± 0.05 abc 


1.51 ±0.06 abc 


1.46 ± 0.0 1 abc 


1.41 ±0.10 ab 


PUFAs 


34.3 ±0.1 


34.9 ± 0.5 


33.8 ±1.1 


33.3 ± 0.8 


32.5 ±1.9 


34.6 ± 0.2 


33.5 ± 0.9 


33.5 ± 0.6 


32.7 ±2.0 


HUFAs 


1 1 .6 + 0.2 a 


1 13 zt 0.3 ab 


10.1 ±1.0 b 


1 1.2 zt 0.4 ab 


10.6±0.6 ab 


1 1.5 zt 0.2 ab 


1 1 .0 ± 0.4 ab 


1 0.8 ± 0.2 ab 


10.6±0.7 ab 


Nitrogen dried vacuum sealed 


SFAs 


37.2 ±0.5 


34.8 ± 0.9 


35.9 ±0.1 


37.3 ±1.2 


37.6 ±1.7 


35.7 ±0.5 


36.0 ± 1 .5 


37.9 ±3.2 


35.4 ±0.7 


MUFAs 


24.6 ± 0.3 a 


27.2 ± 0.1 bcd 


27.0 ± 0.2 bc 


26.6 ± 0.7 b 


27.0 ± 0.4 bc 


28.1 ±0.3 de 


27.7 ± 0.5 cd 


28.2 ± 0.3 de 


28.7 ± 0.3 e 


N-6 FAs 


29.2 ± 0.2 


30.1 ±0.5 


29.4 ±0.1 


28.7 ± 0.9 


28.4 ± 0.9 


29.7 ± 0.2 


29.1 ±0.8 


27.7 ±2.3 


29.5 ± 0.3 


N-3 FAs 


5.11 ±0.12 a 


5.10±0.17 a 


5.10±0.29 a 


4.41 ±0.10 b 


4.31 ±0.14 b 


4.46 ± 0.1 1 ab 


4.38 ± 0.21 b 


4.01 ±0.50 b 


4.34 ± 0.1 3 b 


ARA 


6.45 ± 0.04 


6.24 ± 0.22 


6.03 ± 0.03 


6.02 ± 0.26 


5.98 ±0.1 9 


6.1 6 ±0.11 


6.06 ± 0.29 


5.70 ±0.54 


6.12 + 0.14 


EPA 


0.86 ± 0.06 a 


0.80 ± 0.04 ab 


0.76 ± 0.02 ab 


0.77 ± 0.02 ab 


0.73 ± 0.04 b 


0.77 ± 0.02 ab 


0.75 ± 0.04 ab 


0.68 ± 0.08 b 


0.75 ± 0.03 ab 


DHA 


1 .64 ± 0.04 


1.56 ±0.10 


1 .49 ± 0.02 


1 .50 ± 0.09 


1 .49 ± 0.04 


1 .52 ± 0.06 


1.52 ±0.07 


1.37 ±0.16 


1 .47 ± 0.04 


PUFAs 


34.3 ±0.1 


35.2 ± 0.6 


34.5 ± 0.2 


33.1 ±1.0 


32.7 ±1.0 


34.2 ± 0.3 


33.5 ±1.0 


31. 7 ±2.8 


33.8 ±0.5 


HUFAs 


1 1 .6 ± 0.2 


1 1 .3 ± 0.5 


10.9 ±0.1 


1 1 .0 ± 0.4 


10.8 ±0.4 


1 1.2 zt 0.2 


1 1 .0 ± 0.5 


10.1 ±1.4 


11.1 ±0.3 



Values are means ± SD, n = 3. *Week 0 data baseline is the same analysis for all four storage conditions. SFA, saturated fatty acid; MUFA, monounsaturated fatty 
acid; FA, fatty acid; n-6, omega-6; n-3, omega-3; ARA, arachidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; PUFA, polyunsaturated fatty acid; 
HUFA, highly unsaturated fatty acid. Values with different superscript letters within a row are significantly different by Tukey's HSD post hoc procedure (P < 0.05) 
after a significant F-value by one-way ANOVA (P < 0.05). 
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Figure 2 Omega-3 blood biomarkers in dried blood spot 
samples after storage for 8 weeks in either a test tube, test 
tube under nitrogen, vacuum sealed bag or nitrogen dried in 
vacuum sealed bag. PUFA, polyunsaturated fatty acid; HUFA, highly 
unsaturated fatty acid; EPA, eicosapentaenoic acid; DHA, 
docosahexaenoic acid; DPAn-3, omega-3 docosapentaenoic acid; 
n-3, omega-3; n-6, omega-6; TT, test tube storage; NTT, test tube 
storage after nitrogen purging; VS, vacuum sealing in polypropylene 
bag; NVS, vacuum sealing in polypropylene bag after nitrogen 
purging. Bars represent means with error bars representing the S.D., 
n = 3. Bars with different letters within a storage condition are 
significantly different by Tukey's HSD post hoc procedure (P < 0.05) 
after a significant F-value by one-way ANOVA (P < 0.05). 



8 weeks of nitrogen storage suggest that oxygen exposure 
may not be the only contributor towards peroxidation in 
blood samples during storage. In previous studies, erythro- 
cyte exposure to air and pure oxygen in vitro for 48 hours 
at either 37, 26 or 4°C did not result in increased lipid 
peroxidation as measured by malondialdehyde formation 
[26]. Plasma bubbled with nitrogen and stored at -20°C 
also did not prevent PUFA degradation [27]. In healthy 
cells, approximately 3% of Hemoglobin(Hb)-(Iron)Fe 2+ is 
converted to Hb-Fe 3+ resulting in production of superoxide 
radicals (-0 2 ) [28-30] that can generate lipid peroxyl 
radicals and lipid hydroperoxides. If the hydroperoxides are 
not efficiently removed, they can decompose to form more 
free radicals in the presence of iron that can further exacer- 
bate oxidative damage [31]. Thus, PUFA degradation in the 
present study may be a result of Fe 2+ -induced peroxidation 
mechanisms, and BHT has been shown to completely pre- 
vent this mechanism of PUFA peroxidation [31-33]. Other 
potential mechanisms of degradation may include light ex- 
posure, thermal degradation and humidity. Although hu- 
midity was not controlled for, all samples were stored in 
the absence of light and at a constant room temperature. 

The present study has limitations. Our conclusions are 
limited to a single individual. A single, homogenous 
blood sample was used to enable extensive time point 
characterization of the PUFA degradation and restrict 
variation to the degradation process. Further assessment 
of the stability of PUFA in DBS samples need to be 
conducted on larger cohorts where the influence of 
other pro- and anti-oxidant blood materials on fatty acid 
degradation can be addressed. The current study how- 
ever provides valuable information and timepoints and 
storage conditions to be examined. An additional limita- 
tion is that the baseline PUFA and HUFA levels were 
higher in study one as compared with baseline values in 
study two. Although blood samples for study one (different 
BHT levels) and study two (sealed storage comparisons) 
were taken from the same individual, they were collected at 
different time points. As such, comparing results between 
study one and study two must be made with caution as 
the potential for PUFA degradation may have been 
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increased in study one. Total omega-3 PUFA measures of 
approximately 4% in study one and 5% in study two are 
higher than average DBS values determined in young Can- 
adian adults [9], but similar to values determined in an 
elderly Canadian population [8]. The higher omega-3 
fatty acid composition of blood with the potential for 
increased peroxidation in the present study may there- 
fore underestimate the PUFA stability of DBS samples 
from the general North American population. 

Conclusions 

Pretreatment of chromatography paper with BHT for DBS 
sampling may protect against PUFA degradation in a con- 
centration dependent manner for up to 21 days at room 
temperature, and subsequent sealing of DBS in test tubes 
or vacuumed polypropylene bags can further protect 
against PUFA degradation for a minimum of 8 weeks. The 
% n-3 HUFA in total HUFA biomarker appears more re- 
sistant to changes due to PUFA degradation given it is a 
calculation based on fatty acids with relatively similar 
peroxidation rates. The % n-3 HUFA in total HUFA may 
have the potential to provide more accurate determinations 
of omega-3 fatty acid status following extended DBS sto- 
rage. Future studies on the mechanisms of PUFA degra- 
dation during DBS storage to determine the main 
determinant of oxidation are required. Improving storage 
methods for DBS samples to allow for storage at room 
temperature would be beneficial for population screening 
for omega-3 biomarker determinations of disease risk and 
nutritional intake, and in field studies, particularly in 
developing countries and communities where clinical 
resources may be limited. 

Abbreviations 

ARA: Arachidonic acid; BHT: Butylated hydroxytoluene; DBS: Dried blood 
spot; DHA: Docosahexaeonic acid; EPA: Eicosapentaenoic acid; HUFA: Highly 
unsaturated fatty acid; MUFA: Monounsaturated fatty acid; N^: Nitrogen test 
tube; NVS: Nitrogen vacuum sealed; PUFA: Polyunsaturated fatty acid; 
SFA: Saturated fatty acid; TT: Test tube; VS: Vacuum sealed. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

AHM drafted the manuscript and was involved in study design and data 
analysis. RCH carried out sample collection and storage and participated in 
sample preparation and analysis. LMB carried out sample collection and 
storage and participated in sample preparation and analysis. KDS conceived 
of the study and participated in its design and coordination and helped to 
draft the manuscript. All authors read and approved the final manuscript. 

Acknowledgements 

Operating funds were provided by a grant from the Health Technology 
Exchange to KDS. Infrastructure was purchased through Canada Foundation 
of Innovation and the Ontario Research Fund matching grants. 

Received: 30 November 2012 Accepted: 13 February 2013 
Published: 20 February 2013 



References 

1. Harris WS, von Schacky C: The Omega-3 Index: a new risk factor for death 
from coronary heart disease? Prey Med 2004, 39:212-220. 

2. Lands B: A critique of paradoxes in current advice on dietary lipids. 
Prog Lipid Res 2008, 47:77-106. 

3. Stark KD: The percentage of n-3 highly unsaturated fatty acids in total HUFA 
as a biomarker for omega-3 fatty acid status in tissues. Lipids 2008, 43:45-53. 

4. Armstrong JM, Metherel AH, Stark KD: Direct microwave transesterification 
of fingertip prick blood samples for fatty acid determinations. 

Lipids 2008, 43:187-196. 

5. Bailey-Hall E, Nelson EB, Ryan AS: Validation of a rapid measure of blood 
PUFA levels in humans. Lipids 2008, 43:181-186. 

6. Marangoni F, Colombo C, Galli C: A method for the direct evaluation of 
the fatty acid status in a drop of blood from a fingertip in humans: 
applicability to nutritional and epidemiological studies. Anol Biochem 
2004, 326:267-272. 

7. Marangoni F, Colombo C, Martiello A, Poli A, Paoletti R, Galli C: Levels of 
the n-3 fatty acid eicosapentaenoic acid in addition to those of alpha 
linolenic acid are significantly raised in blood lipids by the intake of four 
walnuts a day in humans. Nutr Metab Cardiovasc Dis 2007, 17:457-461. 

8. Fratesi JA, Hogg RC, Young-Newton GS, Patterson AC, Charkhzarin P, Block 
TK, Sharratt MT, Stark KD: Direct quantitation of omega-3 fatty acid intake 
of Canadian residents of a long-term care facility. Appl Physiol Nutr Metab 
2009, 34:1-9. 

9. Metherel AH, Armstrong JM, Stark KD: Weekly changes in finger-tip prick 
blood highly unsaturated fatty acid (HUFA) composition with acute fish 
oil supplementation and washout in men and women. FASEB J 2007, 
21:A338-A339. 

10. Rise P, Marangoni F, Martiello A, Colombo C, Manzoni C, Marconi C, 
Cattabeni F, Galli C: Fatty acid profiles of blood lipids in a population 
group in Tibet: correlations with diet and environmental conditions. 
Asia Pac J Clin Nutr 2008, 1 7:80-85. 

11. Agostoni C, Galli C, Riva E, Colombo C, Giovannini M, Marangoni F: 
Reduced docosahexaenoic acid synthesis may contribute to growth 
restriction in infants born to mothers who smoke. J Pediatr 2005, 
147:854-856. 

12. Agostoni C, Galli C, Riva E, Rise P, Colombo C, Giovannini M, Marangoni F: 
Whole blood fatty acid composition at birth: from the maternal 
compartment to the infant. Clin Nutr 201 1, 30:503-505. 

13. Magnusardottir AR, Skuladottir GV: Effects of storage time and added 
antioxidant on fatty acid composition of red blood cells at -20 degrees 
C. Lipids 2006, 41:401-404. 

14. Otto SJ, Foreman-von Drongelen MM, von Houwelingen AC, Hornstra G: 
Effects of storage on venous and capillary blood samples: the influence 
of deferoxamine and butylated hydroxytoluene on the fatty acid 
alterations in red blood cell phospholipids. Eur J Clin Chem Clin Biochem 
1997, 35:907-913. 

15. Di ML, Maffettone A, Cipriano P, Celentano E, Galasso R, lovine C, Berrino F, 
Panico S: Assay of erythrocyte membrane fatty acids. Effects of storage 
time at low temperature. Int J Clin Lab Res 2000, 30:197-202. 

16. Stone WL, Farnsworth CC, Dratz EA: A reinvestigation of the fatty acid 
content of bovine, rat and frog retinal rod outer segments. Exp Eye Res 
1979, 28:387-397. 

17. Metherel AH, Armstrong JM, Patterson AC, Stark KD: Assessment of 
blood measures of n-3 polyunsaturated fatty acids with acute fish 
oil supplementation and washout in men and women. 
Prostaglandins Leukot Essent Fatty Acids 2009, 81:23-29. 

18. Min Y, Ghebremeskel K, Geppert J, Khalil F: Effect of storage 
temperature and length on fatty acid composition of fingertip 
blood collected on filter paper. Prostaglandins Leukot Essent Fatty 
Acids 2011, 84:13-18. 

19. Metherel AH, Taha AY, Izadi H, Stark KD: The application of ultrasound 
energy to increase lipid extraction throughput of solid matrix samples 
(flaxseed). Prostaglandins Leukot Essent Fatty Acids 2009, 81:41 7-423. 

20. Pryor WA: Mechanisms of radical formation from reactions of ozone with 
target molecules in the lung. Free Radio Biol Med 1994, 17:451-465. 

21 . Howard JA, Ingold JA: Absolute rate constants for hydrocarbon autoxidation 
.6. Alkyl aromatic and olefinic hydrocarbons. Can J Chem 1 967, 45:793. 

22. Xu L, Davis TA, Porter NA: Rate constants for peroxidation of 
polyunsaturated fatty acids and sterols in solution and in liposomes. 
J Am Chem Soc 2009, 131:13037-13044. 



Metherel et al. Lipids in Health and Disease 2013, 12:22 
http://www.lipidworld.eom/content/1 2/1 /22 



Page 9 of 9 



23. van DC, Pel R, Ellers J: Maximized PUFA measurements improve insight in 
changes in fatty acid composition in response to temperature. 

Arch Insect Biochem Physiol 2009, 72:88-104. 

24. Giroux HJ, Acteau G, Sabik H, Britten M: Influence of dissolved gases and 
heat treatments on the oxidative degradation of polyunsaturated fatty 
acids enriched dairy beverage. J Agric Food Chem 2008, 56:5710-5716. 

25. Bayes AL: Investigations on the use of nitrogen for the stabilization of 
perishable food products. Food Technol 1950, 4:151-157. 

26. Stocks J, Dormandy TL: The autoxidation of human red cell lipids induced 
by hydrogen peroxide. Br J Haematol 1971, 20:95-1 11. 

27. Hirsch EZ, Slivka S, Gibbons AP: Stability of fatty acids in 
hyperlipoproteinemic plasma during long-term storage. Clin Chem 1976, 
22:445-448. 

28. Clemens MR, Waller HD: Lipid peroxidation in erythrocytes. Chem Phys 
Lipids 1987, 45:251-268. 

29. Hebbel RP, Eaton JW: Pathobiology of heme interaction with the 
erythrocyte membrane. Semin Hematol 1989, 26:136-149. 

30. Misra HP, Fridovich I: The generation of superoxide radical during the 
autoxidation of hemoglobin. J Biol Chem 1972, 247:6960-6962. 

31. van den Berg JJ, Op den Kamp JA, Lubin BH, Roelofsen B, Kuypers FA: 
Kinetics and site specificity of hydroperoxide-induced oxidative damage 
in red blood cells. Free Radio Biol Med 1992, 12:487-498. 

32. Davies KJ, Goldberg AL: Proteins damaged by oxygen radicals are rapidly 
degraded in extracts of red blood cells. J Biol Chem 1987, 262:8227-8234. 

33. Davies KJ, Goldberg AL: Oxygen radicals stimulate intracellular proteolysis 
and lipid peroxidation by independent mechanisms in erythrocytes. 

J Biol Chem 1987, 262:8220-8226. 



doi:1 0.1 1 86/1 476-51 1 X-1 2-22 

Cite this article as: Metherel et a I.: Butylated hydroxytoluene can protect 
polyunsaturated fatty acids in dried blood spots from degradation for 
up to 8 weeks at room temperature. Lipids in Health and Disease 2013 
12:22. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at (^\ RioMed rpntra i 

www.biomedcentral.com/submit ■ nome11 <-enirai 



